INTRODUCTION
Motorcycle injuries are one of the major causes of road traffic accidents in urban and suburban areas of developing countries like Pakistan. [1] The incidence of motorcycle-induced spoke wheel injuries (i.e. the feet of the rider getting trapped in the rotating spokes of the wheel of a motorcycle) is increasing in our part of the world because of lack of safety protocols and children are the main victims. [2] The spectrum of spoke wheel injury ranges from minor soft tissue laceration to extensive crush injury with tendon and bony involvement to subtotal amputations, mainly involving heel and ankle sites. [2] [3] [4] Management of the spoke wheel injuries is often challenging and is based on the location and grade of injury. Oestern and Cite this article as: Naumeri F, Qayyum B, Cheema NI, Sohail M, Bashir MM. Motor cycle spoke wheel injuries in children: A preventable accident. Ulus Travma Acil Cerrahi Derg 2019;25:474-478.
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torcycle. The rationale of this study was to determine the injury mechanism and thus emphasize preventive measures based on its mechanism.
MATERIALS AND METHODS
All the study protocols were approved by the Institutional Review Board. Medical records of all children presenting in Department of Pediatric Surgery, from January 2014 to December 2017, after entrapment injury to the foot due to wheel spokes, were reviewed. Children with polytrauma were excluded from this study. Informed consent was taken from parents. Demographic details (age and gender), mechanism and characteristics of injury (e.g. side of the foot, location of injury and severity of the injury, type of footwear at time of accident and relation of foot position with wheel, time from injury to presentation), laboratory data and X-ray findings of patients were noted. Management plan and outcome (mobility according to age) were noted.
Treatment was administered according to the location and severity of injury based on Oestern and Tscherne classification. [3, 4] "Grade 0 little or no injury to soft tissue Grade 1 Minor abrasion Grade 2 Local damage to skin or muscle Grade 3 Extensive damage to soft tissue and underlying structures"
Parents were counselled regarding treatment modalities and their likely complications. The treatment employed included wound debridement, dressings and splint, skin graft and flap coverage or combination. Antibiotics were prescribed depending on the severity of injury and culture reports.
In all patients, the wound was thoroughly washed and dressed in antibacterial cream. The limb was splinted with below-knee plaster of Paris slab and kept elevated. Treatment was continued for two to three weeks for Grade 1 injury patients till wound healed.
In patients with moderate to severe injury (Grade 2 and 3), dead and necrotic tissue was debrided under anaesthesia. The wound was inspected regularly, and if required, repeat debridement was performed.
Split thickness skin graft harvested from the thigh was applied to well-granulated wounds over non-weight-bearing areas. The graft was applied in close contact with a recipient bed with three-layered dressing. Grafted part of the limb was immobilised. The first dressing was changed on day five. Massage with steroid cream and compression garments were started after graft maturation, three to four weeks postoperatively. Patients with grade 3 injury were managed at the plastic surgery department.
After debridement in severe injury patients, VAC therapy was also used. A controlled negative pressure to wound was applied in cyclical fashion using the VAC device to remove blood or serous fluid. The application was repeated after three days and continued till wound was ready for further management. Flap coverage was performed for wounds with an exposed, fractured bone, ruptured tendons and/or weight-bearing area. Ruptured tendons were repaired using proline 4/0, and fractures were fixed by the orthopedic surgeon with the help of wires and screws. Skin defect was covered by the flap. Division and insetting of the flap were performed at three weeks interval.
Reverse Sural Flap:
Under general anaesthesia, the patient was placed in a prone position, and the trajectory of the lesser saphenous vein and the sural nerve was marked by drawing a line starting from the middle of the popliteal fossa to the posterior side of the lateral malleolus. Perforators were marked with hand-held Doppler. A tourniquet was used in all cases, but the lower limb was not previously emptied of blood; the perforators and plexuses can be seen better. The cutaneous island to be transferred was drawn on the middle third of the leg. The pivot point of the pedicle was kept 5 to 7 cm above the lateral malleolus. The procedure was started by incision at the top of the skin island, to locate the sural nerve and lesser saphenous vein. The sural nerve and the lesser saphenous vein were ligated proximally. The dissection was carried from proximal to distal, including deep fascia and vascular pedicle preserving the lower medial and lateral perforators. The pedicle width was kept 3 cm, and the flap was rotated 180 degrees and transposed to cover the defect without tension. Donor area was covered with a split-thickness skin graft.
Medial Plantar Flap:
This sensate fascia-cutaneous flap was raised from non-weight-bearing region of same foot and based on the medial plantar vessels. Flap was raised under Tourniquet control. Axis of the flap was drawn as a line from medial calcaneum to great toe metatarsal head. Flap was incised and raised from lateral to medial until the intermuscular septum with its perforators was seen and then dissection was carried out from the other side. Abductor Hallucis retracted medially to expose the medial plantar artery and nerve and the distal end of the vessels were divided. Flap was elevated with the vessel and septum, leaving the medial plantar nerve behind and was transposed to cover the defect. The donor site was skin grafted. Patients were mobilized usually six weeks after surgery and followed for one year postoperatively. Flap was needed in 27 (22.5%) patients. Reverse sural artery flap was done in 23 patients, while four patients underwent medial plantar artery flap. There were no complications, like flap necrosis or graft rejection. Follow up after one year confirmed that all children were mobile, though some children had difficulty in climbing stairs. Outcome after skin grafting and flap can be seen in Figure 3a and b. gression. The need for flap with a grade of injury was also analyzed using the Pearson chi-square test. P-value of less than 0.05 was taken as statistically significant.
RESULTS
Patients admitted to the Department of Pediatric Surgery during the study period after trauma were 553, out of which patients admitted after spoke wheel injuries were 120 (21.7% There was no association between the need for flap and age, gender, type of footwear, position and area of foot involved. Similarly, there was no association between the grade of injury and age, gender, type of footwear, position and area of foot involved. However, we found a significant association between the need for flap and injury grade (p-value 0.0001).
DISCUSSION
Since first reported in 1948, spoke wheel injuries are on the rise and its reported incidence is 4.3% of all trauma patients. [6] Road traffic accidents data from Thailand alone showed that almost 70% of the morbidity and mortality in children (less than 15 years of age) was due to motorcycle injuries. [1] In Pakistan, there has been a 400% increase in motorcycles in the last decade, and our study showed the alarming trend of children presenting after spoke wheel injuries due to a motorcycle, instead of a bicycle. [7] Incidence was 21.7% of all trauma patients presenting in our emergency. Reason of such a high incidence in our setup is no age limitation on riding, lack of wheel guards and footrests and overloading. Traffic regulations in developed countries prohibit children younger than seven years to ride motorcycles. [6, 8] Our study showed that the right foot was more commonly involved and the area most susceptible was hindfoot, which is similar to other studies, as on left side chain guards act as a protection. [6, 8] Literature suggests that wearing shoes help in decreasing the severity and incidence of spoke wheel injuries, but in our study, footwear did not help in reducing the severity. [6] Boys of age group 2-6 years were more commonly affected, which is consistent with other studies in the literature. [8, 9] Motorcycles cause high energy trauma, so children are unlikely to present after grade 1 injury. [6] In our study, only 8.3% of children presented with grade 1 injury. Higher the grade, likelihood of multiple debridement increased. We noted that treatment and prognosis were directly related to a grade of injury.
Grade 2 injury has an early time of presentation. [6, 8] We admitted these patients and after initial debridement, re-evaluated all in 48 hours. No wound was primarily stitched on day of admission as vascularity is compromised. [4] Tendons were repaired and fractures stabilized if needed. Graft was done with or without the application of VAC in cases of soft tissue injuries. In grade 3 injury, the flap was performed in the plastic surgery department. As foot does not have adequate muscle and sole needs to bear weight, we preferred local flaps as our primary choice. [10] Choice of the flap also depended on defect size and site. [6, 10] The most common used flap was reverse sural flap which has dependable blood supply with a preserved lesser saphenous vein. [6, 11] The medial plantar flap was also performed as it is specialized glabrous skin and is perfect for the reconstruction of heel defects. Although microvascular surgery and other flaps have also been used in these injuries, we did not require these in our study. We did not have any case of flap necrosis or any other complications. In follow up, good weight-bearing was noted.
We did not calculate healing time, and although we followed up, detailed psychological or motor examination was not undertaken. A study conducted on long term follow up showed 14% had behavioural problems and mean healing time was markedly increased in grade three injuries. [9] Implementation of safety protocols, use of protective gear, guards on the wheel can help in prevention. [12, 13] 
Conclusion
We noted a rising incidence of these entrapment injuries; however, we had a satisfactory outcome in our patients using different management techniques. We recommend the implementation of safety protocols to avoid such catastrophic injuries.
